The enteric pathogen Campylobacter can be carried into poultry processing facilities on and within live birds. Numbers of Campylobacter recovered from carcasses decrease after scalding but increase during feather removal. Mechanical feather picking causes mist as well as particles of dust, feathers, feces, and other matter to become airborne around the machine. This study was conducted to determine if Campylobacter associated with broilers during defeathering can become airborne and contaminate other carcasses in or around a commercial defeathering machine. Carcasses with low numbers of Campylobacter were hung near an operating commercial feather picker where they were exposed to airborne contaminants for 1 min. Low numbers of Campylobacter were detected in the air near the picker. However, microbiological culture of carcasses after exposure to airborne contamination in the picker room revealed that they had no more Campylobacter than unexposed carcasses. These data suggest that airborne contamination does not contribute to the high numbers of Campylobacter routinely found on defeathered carcasses.
DESCRIPTION OF PROBLEM
Campylobacter colonizes the intestinal tracts of broilers and can be carried to the processing plant on the outer surfaces of live birds and within their alimentary tracts [1] . The microflora associated with carcasses changes as they pass through the scalder and picker. Before the start of processing, most bacteria isolated from carcasses are gram positive; the flora becomes predominantly gram negative and includes more enteric bacteria after feather removal [2] . Defeathered carcasses retain high numbers of bacteria [2, 3, 4] . In fact 1 To whom correspondence should be addressed: mberrang@saa.ars.usda.gov.
more Campylobacter can be recovered from broiler carcasses after feather removal than can be recovered from a scalded feathered carcass [3, 4] .
Something happens during feather removal that leads to a more recoverable Campylobacter on broiler carcasses. Fecal matter high in Campylobacter can be forced out of cloacae during defeathering and add to the bacteria present on carcasses [5] . Feather-picking machines have long been suspected as a site for potential broiler carcass cross contamination. When a carcass is inoculated with high numbers of a marker strain of bacteria, cross contamination in the picker results in spread of the marker organism to other carcasses [6, 7] . It is possible that the numbers of Campylobacter on picked carcasses are higher than on prepicked carcasses due to escape of feces or cross contamination in the picker.
Bacteria can become airborne in a poultry plant due to any number of procedures that lead to distribution of bacteria in a mist, dust, on feathers, feces, or other matter. Because of organisms associated with live poultry and the physical activity of unloading and hanging broilers, the live bird receiving area has higher numbers of airborne bacteria than other parts of poultry processing plants [8] . The action of modern defeathering equipment also results in airborne particles as high-speed picker fingers rub feathers off carcasses in the presence of spraying water. The area around defeathering machines has high numbers of airborne bacteria including Campylobacter [9] . It may be possible for airborne Campylobacter to cause an increase in the numbers recovered from defeathered carcasses.
The objective of the current study was to examine the contribution of airborne Campylobacter in the area immediately surrounding feather picking machines to the increase in Campylobacter numbers observed on carcasses during defeathering. Chilled carcasses have low numbers of Campylobacter relative to carcasses immediately after picking [3, 4] . Therefore, chilled carcasses were chosen as a platform to detect any increase in Campylobacter numbers associated with exposure to airborne contaminates near the feather-picking machines in a commercial broiler processing plant.
MATERIALS AND METHODS

Processing Plant
This study was undertaken in a commercial broiler processing plant. The plant had 3 scald tanks in series followed by 3 feather-picking machines also placed in series. The shackle line followed a dual-pass pattern through the scald tanks and into the line of feather pickers. All 3 feather pickers were adjacent to the last 2 scald tanks with 3 ft between the scald tanks and the picking machines. There was 20 in. between pickers 1 and 2 and between pickers 2 and 3. It took approximately 11 s for a carcass to pass through the first picker, 13 s for the second, and 14 s for the third resulting in a total of 38 s for defeathering. Including bleed tunnel, scalders, feather pickers, carcass wash, and pretransfer shackle line, carcasses spent approximately 6 min and 23 s in the picker-scalder room. Air flow in the plant was not measured in this study. However, the plant was designed and maintained to minimize cross contamination by allowing air to flow from the evisceration line through the picker-scalder room through the live bird area and out of the plant.
Sampling
Chilled carcasses were used as a platform for collection of airborne Campylobacter. During each of 3 replicate sample trips, 16 carcasses were collected immediately postchill and individually placed into plastic bags. Each bag was sealed by twisting and fastening with a plastic cable tie. All 16 carcasses were carried to the picker-scalder room and left bagged until use.
Aluminum racks were built to hang the chilled carcasses on during exposure to picker room air. Racks were adjustable for height and included a cross bar that was 28 in. long. There was a hole at each end of the cross bar where a presterilized foil-wrapped steel hook was placed. Each hook was fashioned to hold a broiler carcass by 1 leg. Racks were positioned as close as possible to each end of each picking machine. Test carcasses were hung at the same height as carcasses proceeding through the pickers on the shackle line without touching any surface other than the presterilized hook [10] . Petri plates filled with Campy-cefex agar [11] were attached, by use of self-sticking hook and loop tape, at both ends of each cross bar directly above the hook for hanging the chilled carcass, which allowed for concurrent air sampling by chilled carcass and open agar plate.
Two randomly chosen chilled carcasses were selected to hang from the rack placed at the entrance to the first picker in the line. Two presterilized hooks were unwrapped, and 1 leg of each carcass was placed firmly in the hook while keeping the carcass covered by the bag. A Campycefex plate was firmly affixed to the hook and loop tape at each end of the cross bar. Both bags and Petri plate lids were removed at the same time and the chilled carcasses, and open plates were exposed to the air near the picker for 60 s. After 60 s, each carcass was recovered in a clean plastic bag and sealed with a plastic cable tie; Petri plates were recovered and sealed with Parafilm [12] . This procedure was repeated for each of the remaining 3 racks. Eight chilled carcasses remained bagged as unexposed controls.
Carcasses were collected from the kill line to demonstrate the increase in Campylobacter numbers during defeathering. Immediately following collection of the last air sample, 8 carcasses were removed from the shackle line after scalding just before entering the picker. Eight more carcasses were removed from the shackle line immediately after picking before entering the carcass washer. Each of these 16 carcasses were removed with a clean pair of latex gloves, placed individually into a clean plastic bag, and the bag was sealed with a plastic cable tie. All 32 bagged carcasses (8 chilled, 8 chilled exposed to picker air, 8 postscald, and 8 postpick) as well as sealed and bagged Petri plates were removed from the plant and covered with ice for transport to the laboratory.
Campylobacter Culture Methods
Within 1 h of sampling, carcasses were subjected to a whole-carcass rinse procedure. Five hundred milliliters of PBS was added to each bag containing a feathered carcass; 100 mL of PBS was used for all other carcasses. Each carcass in the diluent was vigorously shaken by hand for 60 s [13] . After shaking, each carcass was removed, and serial dilutions of the rinsate were prepared in PBS and plated on the surface of Campycefex agar.
The agar from each open plate used for air sampling was aseptically removed from the Petri plate and placed into a sterile bag with 25 mL of Campylobacter enrichment broth [14] . Bag contents were mixed in a Stomacher 80 [15] for 60 s, and serial dilutions were prepared in PBS. Remaining Campylobacter enrichment broth was incubated for 4 h at 35°C followed by 20 h at 42°C. After incubation, Campylobacter enrichment broth was plated on the surface of Campy-cefex agar.
Campy cefex plates were incubated at 42°C for 48 h in a microaerophilic atmosphere (5% O 2 , 10% CO 2 , and 85% N 2 ) [16] . All colonies characteristic of Campylobacter were counted. Each suspect colony type from each sample was confirmed as Campylobacter by examination of cellular morphology and motility under phase FIGURE 1. Numbers of Campylobacter recovered from whole-carcass rinse samples of feathered carcasses (prepick), defeathered carcasses (postpick), fully processed chilled carcasses (chilled), and fully processed chilled carcasses exposed to airborne contamination at the defeathering machine (chilled exposed). Error bars represent 95% confidence intervals (it can be stated with 95% confidence that the true population mean falls within this range).
contrast microscopy. Each colony type was further characterized as being of the species jejuni, coli, or lari by use of a latex agglutination test kit [17] .
RESULTS AND DISCUSSION
As expected, significantly [18] more Campylobacter were recovered from carcasses collected after defeathering than before (Figure 1 ). Carcasses removed from the shackle line prior to defeathering had log 10 0.9 cfu Campylobacter/ mL of carcass rinse, whereas those collected after defeathering had an average of log 10 3.8 cfu/mL. Similar increases in Campylobacter numbers recovered from carcasses after defeathering have been noted in earlier research [3, 4, 5] . The increase in Campylobacter numbers associated with defeathering prompted the current study to measure the role of airborne contamination.
Airborne Campylobacter contamination was detected by use of open agar plates placed near the picker during operation. Campylobacter, however, was only detected on these plates after enrichment. Eight plates were used to test for airborne Campylobacter during each replicate sample trip. Campylobacter was detected by enrichment on 4, 6, and 6 plates out of 8 during replications 1, 2, and 3 respectively. These data are in agreement with preliminary work conducted in poultry pilot processing plants (data not shown) where airborne Campylobacter was detected by use of open Campy-cefex plates placed on and around a picker during operation. Detection of airborne Campylobacter in poultry processing facilities has been previously reported [9] . The live bird receiving area and picker-scalder room have been shown to have the highest level of airborne bacterial contamination of any area in the processing plant [8, 9] . The fact that Campylobacter could only be recovered with enrichment in the current study suggests that cells were present only in low numbers or cells were stressed.
Campylobacter detected on open agar plates did not translate into significantly [18] higher counts on chilled carcasses left exposed to picker-
CONCLUSIONS AND APPLICATIONS
1. Airborne Campylobacter can be detected by enrichment of open plate air samples collected near operating commercial broiler feather-picking machines.
There is no evidence that airborne contamination causes a significant increase in numbers of
Campylobacter associated with broiler carcasses during defeathering.
